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(54) Laser driver 

(57) A laser driver of a single drive type includes: 
current-output-controlling swvitch; output-current-gener- 
ating transistor; current-to-voltage converting transistor; 
first and second current sources; and cun-ent path 
selector. The current path selector includes an input ter- 
minal and first and second output ternninals. Respon- 
sive to a corrtrol signal provided, the selector selectively 
outputs cunrent through one of these two output termi- 
nals. The output current of the second current source is 
supplied to the current path selector. The output current 
supplied from the cunrent path selector through the sec- 
ond output terminal thereof and the output current of the 
first current source are input to the current-to-voHage 
converting transistor. The output voltage of the current- 
to-voltage converting transistor is applied between the 
gate and source of the output-current-generating tran- 
sistor. Then, the current is output through the drain of 
the output-current-generating transistor and the cunrent- 
output-controlfing switch. As a result, the output current 
shows an ideal wave-form with steeply rising edges and 
without any overshoot 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention generally relates to a 
laser driver for an optical signal transmitter in an optical 
communication system like a passive optical network 
(PON) system. More particularly, the present invention 
relates to a laser driver for selectively supplying output 
cun-ent from a laser<iriving current output sectk>n by 
directly controlling the supply of the driving cun^ent from 
a driving-current-generating current source. 
[0002] In recent years, optical sutDSCriber systems 
are under vigorous research and development to set up 
a fiber-to-the-home (FTTH) oommunk;ation network in 
the near future. However, It is economically difficult to 
introduce optical f bers into general home users. This is 
because an optical fiber has a gigantic transmission 
capacity, arKl is much more expensive than a conven- 
tional metallic comnxinication line. Under the circum- 
stances such as these, the PON system is expected to 
contribute much to the reafization of the FTTH netwyork 
considering the cost effectiveness thereof. The PON 
system can be less expensive, because a single optical 
fiber extended from a t^ase station is branched to pro- 
vide bkiirectional communication service for a great 
number of sut>scrbers. 

[0003] A laser driver for use in an optical signal 
transmitter in an optical communication system selec- 
tively supplies laser-driving current responsive to a dig- 
ital data signal received. A conventional laser driver has 
a differential configuration such as that illustrated in Fig- 
ures 1 1 (a) and 1 1 (b). The laser driver with a differential 
configuration selectively supplies an output cun-ent by 
switching current patiis of laser-driving current lo using 
a differential pair of transistors m2 and m3. In such a 
configuration, since constant cunent always fk>ws 
through a power supply, small noise is generated and 
the switching speed of the laser driver is advanta- 
geously high. The laser driver of tiiis type, howe/er. is 
disadvantageous in that the power dissipation Increases 
because the driving current continues to flow through a 
different path even in the output-disabled state as 
shown in Figure 11(b). 

[0004] To reduce the power dissipation, the output 
of the driving current may l>e controlled by turning 
ON/OFF a driving-current-generating current source 
transistor ml itself as shown in Rgure 12 (see, for 
exanrple, Japanese Laid-Open Publication Uo. 9- 
232635). 

[0005] In such a configuration, however, the output 
is susperxied by completely cutting off the current 
source transistor ml with the gate of the transistor ml 
short-circuited witii the ground. Accordingly, to turn the 
transistor ml ON. the gate voltage thereof shouki be 
raised by charging a large gate-source capacitance 
Cgs of the transistor ml with current Is. tfuis causing a 
considerable time delay. In addition, since the time 



delay is variable with the current Is for charging the 
gate-source capacitance Cgs of the transistor ml, the 
delay also depends on the driving current lo after aQ. 
Furthermore, the output current shows a waveform with 
5 unsharp rising edges. 

SUMMARY OF THE INVENTION 

[0006] An dbiecX of the present invention is provid- 

10 ing a laser driver that can output a current with an ideal 
waveform steely rising responsive to a digital data sig- 
nal without any overshoot by directly controlling the sup- 
ply of tfie driving current from a driving-current- 
generating current source 

15 [0007] A laser driver according to the present inven- 
tion includes output node, first power supply node, first 
switch, current generating means, current-to-voltage 
converting means and output-current-generating tran- 
sistor. A driving current is output through the output 

20 node. A first supply voltage is applied to the first power 
supply node. The first switch is connected between the 
output node and the first power supply node. The cur- 
rent generating means generates a first current with a 
first current value while tiie first switch is OFF and a sec- 

25 ond current with a second cun^ent value, which is differ- 
ent from the first current value, whfle the first anntch is 
ON. The current-to-voltage converting means converts 
the current supplied from tiie current generating means 
into a voltage corresponding to the current value 

30 thereof. And the output-current-generating transistor is 
connected between the first switch and the first power 
supply node and receives the voltage from ttie current- 
to-voltage converting means at the gate thereof. 
[0008] In one embodiment of the present inverttion. 

35 the current generating means may include first and sec- 
ond current sources and a current path selector. The 
first current source supplies the first current to the cur- 
rent-to-voltage converting means. The second cun'ent 
source generates a third cun^ent wnth a current value 

40 representing a difference between the first and second 
current values. And the current path selector supplies 
the third current from the second current source to the 
current-to-voltage converting means only when the first 
switch is ON. 

45 [0009] In the laser driver accorcfing to the present 
invention, even while the first switch is OFF (i.e.. in the 
output-disabled state), the gate of the output-current- 
generating transistor is stiD biased with a voltage corre- 
sponding to the first current Accordingly, when the first 

so switch turns ON and the laser driver errters the output- 
enabled state, the laser driving output cun^ent rises 
steeply. Also, since tiie bias voltage applied to the gate 
of the output-cun^ent-generating transistor in tiie output- 
disabled state is lower tiian tiie bias voltage applied in 

55 tiie output-enat)led state, an ideal output waveform 
witfiout any overshoot can be obtained. 
[0010] In this particular enixxiiment the current 
path selector preferably includes input terminal, output 
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terminal and second switch. The input terminal receives 
the third current from the second current source. The 
output terminal is connected to the current-to-vollage 
converting means. And the second smtch is connected 
between the input and output terminals, turns ON when 
the first switch is ON and turns OFF when the first 
swwtch is OFF. 

[0011] In the laser driver, while the first switch is 
OFF (i.e. in the output-disabled state), the supply of the 
third cun^ent from the second cunent source Is sus- 
pended, thus reducing the power dissipation. 
[001 2J In another embodiment, the current generat- 
ing means may include a current source arKi a current 
shunt circuit. The current source generates the second 
current When the first switch is ON. the current shunt 
circuit supplies the second current from the current 
source to the current-to-voltage converting means. 
When the first switch is OFF, the cunrent shunt cirouit 
branches the second cun-ent into the first current and a 
third current with a current value representing a differ- 
ence between the first and second current values and 
then supplies the first current to the cun^ent-to-voltage 
converting means. 

[0013] In this particular embodiment the current 
shunt circuit preferably includes input terminal, first and 
second output terminals and first and second transis- 
tors. The input terminal receives the second cun-ent 
from the cun-ent source. The f ffst output terminal is con- 
nected to the first power supply node. The second out- 
put terminal is connected to the current-to-voHage 
converting means. The source and drain of the first tran- 
sistor are connected to the input terminal and the first 
output terminal, respectively. The first transistor turns 
OFF when the first switch is ON. but makes the third 
cunent flow between the source and drain thereof when 
the first switch is OFF The source and drain off the sec- 
ond transistor are connected to the input terminal and 
the second output temiinal, respectively. The second 
transistor makes the second current fbw between the 
source and drain thereof when the first switch is ON and 
makes the first current flow between the source and 
drain thereof when the first switch is OFF 
[0014] In the laser driver, even while the first switch 
is OFF (i. e. . in the output-disabled state), the gate of the 
output-current-generating transistor is still biased with a 
voltage con^esponding to the first current Accordingly, 
when the first avitch turns ON and the laser driver 
enters the output-enabled state, the laser driving output 
current rises steeply. Also, since the bias voHage 
applied to the gate of the output-current-generating 
transistor in the output-disabled state is lower than the 
bias voltage applied in the output-enabled state, an 
ideal output waveform without any overshoot can be 
obtained. 

[001 51 In still another embodiment the cun-ent gen- 
erating means may include first and second current 
sources. The first cunent source supplies the first cur- 
rent to the current-to-voltage converting means. The 



second cun^ent source supplies a third current with a 
current value representing a difference between the first 
and second cun-ent values to the current-to-voltage con- 
verting means only when the first switch is ON. 
s [0016] In the laser driver, while the first switch is 
OFF (i.e.. in the output-disabled state), the second cur- 
rent source does not supply the third current thus 
reducing the power dissipation. 
[001 7] In still another embodiment the current gen- 
10 eratmg means may include cunent source, current ratio 
regulator and current path selector. The current source 
generates the second current The current ratio regula- 
tor txanches the second cunent supplied from the cur- 
rent source into two cun-ents with a desired current ratio 
IS and then supplies one of these two currents as the first 
current to the cun^ent-to-voHage converting means. The 
current path selector supplies the other one of the two 
currents that have been branched by the cun-ent ratio 
regulator to the current-to-voltage converting means 
20 only when the first switch is ON. 

[0018] In this particular emlxxfiment the cim-ent 
ratio regulator preferably includes irput terminal, first 
and second output terminals and first and second tran- 
sistors. The input terminal receives the second cun-ent 
25 from the current source. The first output terminal is con- 
nected to the current path selector The second output 
terminal is connected to the cunent-to-voltage convert- 
ing means. The source and drain of the first transistor 
are connected to the input terminal and the first output 
30 tenninal. respectively. The first transistor receives a first 
voltage at the gate thereof. The source and drain of the 
second transistor are connected to the input terminal 
and the second output terminal, respectively. The sec- 
ond transistor receives a second voltage at the gate 
35 thereof. 

[0019] In the laser driver, the second current sup- 
plied from the cun-ent source can be branched into two 
currents at a desired cun-ent ratio by regulating the first 
and second voltages. Accordingly, the eye pattern off the 
40 optical output power can be optimized under any oper- 
ating condition, thus realizing a lasa- driver with broad- 
ened applicability. 

[0020] In still another embodiment the current gen- 
erating means may include cunrent source, current ratfo 
45 regulator, first and second cun-ent min-or circuits and 
current path selector. The cun-ent source generates the 
second cunrent. The cunent ratio regulator branches the 
second cunrent supplied from the cun-ent source into 
two currents at a desired cun-ent ratio. The first current 
so mirror circurt receives one of the two cun-ents branched 
by the cunrent ratio regulator as an input current The 
second current minor circuit receives the other one of 
the two cun-ents branched by the current ratio regulator 
as an input current and sipplies an output current as 
ss the first cunrent to the cunent-to-voltage converting 
means. The current path selector supplies the output 
current of the first cunrent mirror circuit to the current-to- 
voltage converting means only when the first switch is 
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ON 

[0021] In still another embocfiment. the current ratio 
regulator preferatily includes input terminal, first and 
second output terminals and first and second transis- 
tors. The input terminal receives the second current 
from the cunrent source. The first output terminal is con- 
nected to the first current minror circuit The second out- 
put terminal is connected to the second cuffent mirror 
circuit. The source and drain of the first transistor are 
connected to the input terminal and the first output ter- 
minal, respectively. The first transistor receives a first 
voltage at the gate thereof. The source and drain of the 
second transistor are connected to the input temrina! 
and the second output terminal, respectively. The sec- 
ond transistor receives a second voltage at the gale 
thereof. 

[0022] In the laser driver, the second current sup- 
plied from the current source can be branched into two 
currents at a desired current ratio by regulating the first 
and second voltages. Accordingly, the eye pattern of the 
optical output power can be optimized under any oper- 
ating condition, thus realizing a laser driver with broad- 
ened applicability. In addition, since the number of 
cascaded transistors decreases, the laser driver can 
operate stably even at a lower voltage applied. 
[0023] An optical transceiver according to the 
present invention is adapted to establish optical com- 
munication and includes a transmitter section and a 
receiver section. The transmitter section converts data 
to be transmitted into laser light fc>y driving a laser diode 
and then transnnts the laser light The receiver section 
converts tiie laser light received into received data. The 
transmitter section includes the laser driver according to 
the present invention and drives the laser diode using 
the laser driver. 

[0024] Another laser driver according to the present 
invention includes output node, first power supply node, 
gate-grounded transistor, switching transistor and out- 
put-current-generating transistor. A driving curent is 
output ttirough tifie output node. A first supply voltage is 
applied to the first power supply node. The gate- 
grounded transistor is connected between the output 
node and ttie first power supply node and receives a 
constant voltage at the gate thereof. The switching tran- 
sistor is connected between the source of the gate- 
grounded transistor and the first power supply node in 
series to the gate-grounded transistor. The output-cur- 
rent-generatting transistor is connected t)etween the 
switching transistor and the f irst power supply node in 
series to the switching trsuisistor. When the SMvitching 
transistor is ON. the outpul-cun-ent-generating transis- 
tor receives a first voltage at the gate thereof. And when 
the swiritching transistor is OFF, the output-cun^ent-gen- 
erating transistor receives a second voltage, which is 
different from the first voltage, at the gate thereof. 
[0025] In the laser driver according to the present 
Invention, even while the switching transistor is OFF 
(i.e.. in the output-disabled slate), the gate of ttie output- 



current-generating transi^r is still biased with the sec- 
ond voltage. Accorcfingly. when the switching transistor 
turns ON and the laser driver enters the output-enabled 
state, the laser driving output cunent rises steeply. Also. 
5 since the bias voltage applied to ttie gate of ttie output- 
cun-ent-generating transistor in ttie output-disabled 
state is lower than tine bias voltage appBed in ttie output- 
enabled state, an ideal output waveform without ariy 
overshoot can fc>e obtained. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0026] 



Rgure 1 illustrates a configuratton of a laser driver 
according to a first embodiment of the present 
invention. 

Figure 2(a) illustrates a result of simulation where 
1.0; and 

Rgure 2{b) illustrates an equivalent circuit where 
1.0. 

Figures 3(a), 3(b) and 3(c) illustrate results of sim- 
ulations where 0.5 and 0.3. respectively. 
Rgures 4(a) and 4(b) illustrate the effects attained 
by ttie laser driver according to the first embodi- 
ment. 

Figures 5, 6, 7, 8 and 9 illustrate respective config- 
urations of a laser driver according to second, third, 
fourtti. f ifth and sixtti embodiments of ttie present 
invention. 

Figure 10 illusttates an arrangement of an optical 
transceiver according to a seventh entxxiiment of 
the present invention. 

Rgures 11(a) and 11(b) illustrate a conventional 
laser driver with a differential configuration in ttie 
output-enabled and disabled states, respectively. 
Rgures 12(a) and 12(b) illustrate a conventional 
laser driver with a single drive configuration in the 
output-enabled and disabled states, respectively. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 



[0027] Hereinafter, prefenred embodiments of the 
45 present invention wiD be described witti reference to ttie 
accompanying drawings 

EMBODIMENT 1 

50 [0028] Figure 1 illustrates a configuration of a laser 
driver according to a first embodiment of the present 
invention. As shown in Figure 1. ttie laser driver 
includes: current-output-controlling switch 1; output- 
cunrent-generating transistor 2 (or ml); transistor 3 (or 

55 m4) implemented as cun^ent-to^ltage converting 
means; first and second cwrent sources 4, 5; and cur- 
rent patti selector 6. The switch 1 is a cascade connec- 
tion of a transistor m3 receiving a constant voltage Vbl 
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at its gate and a SMntching transistor m2 receiving a con- 
trol signal SW at its gate. The gate bf the transistor nn4 
is diode-connected to the drain thereof. The first arxi 
second current sources 4 and 5 are implemented as 
respective current source transistors m7 and m8 receiv- 
ing a constant bias voltage at their gate. The cun^ent 
path selector 6 includes first and second transistors m6 
and m5. the sources of which are connected together. 
[0029] The source of the first current source transis- 
tor m7 is connected to a higher-level power sipply VDD. 
while the drain thereof is connected to the drain and 
gate of the diodeconnected NMOS transistor m4. The 
source of the second cunrent source transistor me is 
also connected to the higher-level power supply VDD. 
while the drain thereof is connected to the input terminal 
of the current path selector 6. which is the commonly 
connected source of the PMOS transistors m5 and m6. 
The drain of the PMOS transistor m6, which is the first 
output terminal of the current path selector 6. is con- 
nected to a lower-level power supply VSS. On the other 
hand, the drain of the PMOS transistor mS. which is the 
second output terminal of the current path selector 6, is 
connected to the gate arKl drsun of the NMOS transistor 
ni4. The source of the NMOS transistor m4 Is con- 
nected to the lower-level power supply VSS. The source 
of the NMOS transistor ml is connected to the lower- 
level power supply VSS. the gate thereof is connected 
to the gate and drain of the NMOS transistor m4 and the 
drain thereof is connected to the source of the switching 
NMOS transistor m2. The drain of the NMOS transistor 
m2 is connected to the source of the NMOS transistor 
ni3. A laser driving output current is supplied through 
the drain of the NMOS transistor m3. 
[0030] In the illustrated embodiment the current 
values of the first and second curreit sources 4 and 5 
will be identified by klo and (1-k)lo (where 0^l^1) and 
the mirror ratio of a current minor circuit made up of the 
NMOS transistors m4 and ml will be represented as 
1 :A. The control signal SW is also provided to the gate 
of the PMOS transistor m6. A predetermined bias volt- 
age Vb2 is applied to the gate of the PMOS transistor 
mS so as to cut off the transistor m5 when the control 
signal SW is at "Low" level and the transistor m6 when 
the control signal SW is at "High" level. 
[0031] Hereinafter, it will be described how this 
laser driver operates. 

[0032] First, while the control signal SW is at "Low" 
level, the switching NMOS transistor rn2 is OFF and the 
laser driver enters the output-disabled state. In this 
case, the output current (1-k)lo of the second current 
source 5 flows through the transistor m6. Thus, only the 
output current klo of the first current source 4 is sup- 
plied to the NMOS transistor ni4. which in turn converts 
the current supplied into a voltage. As a result, the gate 
of the output-current-generating NMOS transistor ml is 
biased with the voltage. 

[0033] Next, when the control signal SW rises to 
"High" level, the switching NMOS transistor m2 turns 



ON and the laser driver enters the output-enabled state. 
As a result the laser driving output current rises steeply. 
This is k)ecause the gate of the NMOS transistor ml is 
always biased even in the output-disabled state. In such 

5 a situation, the PMOS transistor m6 is cut off and the 
output cunent (1-k)lo of the second current source 5 is 
also suppDed to the drain of the NMOS transistor m4. 
Accordingly, the total amount of cunent supplied to the 
drain of the NMOS transistor nrv4 gets equal to lo. As a 

10 result the gate voltage of the NMOS transistor ml 
steeply increases arxi the transistor ml can rapidly 
transition from a linear to saturated region. 
[0034] In this manner, the laser driving output cur- 
rent Ato shows an kieal wavelbrm without any over- 

75 shoot although the wavelbrm has steeply rising edges. 
[P035] In the foregoing embodiment, the constant 
voltage Vb2 is applied to the gate of the transistor m5 
and the control signal SW is provided to the gate of the 
transistor m6. Altematively, a complementary voltage of 

20 the control signal SW may be applied to the gate of the 
transistor m5. 

[0036] Rgure 2(a) illustrates a result of simulation 
where ks 1.0. In this case, no matter whether the cur- 
rent-output-controlling switch is ON or OFF, a constant 
25 current lo is always supplied to the diode-connected 
transistor m4 as can be seen from the equivalent circuit 
shown in Figure 2(b). Accordingly, considerable over- 
shoot is otsserved at each rising edge as shown in Rg- 
ure 2(a). 

30 [0037] Figures 3(a), 3(b) and 3(c) illustrate results 
of simulations where ksO.7. 0.5 arKj 0.3. respectively. As 
can be seen from these drawings, portions of the output 
wavelbrm at rising edges are controllable by adjusting 
the value of k with the output current value kept con- 

35 stant This k value can be easily preset at a desired 
value by changing the ^zes of the first and second cur- 
rent source transistors m7 and m8. Also, as shown in 
Rgure 3(b), an kleal waveform without any overshoot or 
rounding can be ot>tained when k=0.5. 

40 [0038] Thus, according to the first embodiment, a 
laser driving output current can show an kJeal waveform 
with steeply rising edges and witfiout any overshoot. 
[0039] If just the steeply rising output current is 
required, then the bias voltage Vb may be applied to the 

45 gate of the driving-current-generating current source 
transistor ml even in the output-disabled state as 
shown in Rgure 4(b). In such a case, the output cunrent 
may t>e selectively supplied by turning OfM/OFF a switch 
connected to the drain of the transistor ml . In this alter- 

so nate embodiment however, the current source transis- 
tor ml enters a deep linear region in the output-disabled 
state. Thus, when the switch is turned ON and the laser 
driver enters the output-enaksled state, considerable 
overshoot will be observed at the rising edge of the out- 

55 put current This in why the laser driver according to the 
first embodiment adopts the configuration illustrated in 
Rgure 1. 
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EMBODIMENT 2 

[0040] Figure 5 illustrates a configuration of a laser 
driver according to a second embodiment of the present 
invention. As shown in Rgure 5. the laser driver 
includes: current-output-controlling switch 1; output- 
current-^enerating trarfsistor 2 (or ml); transistor 3 (or 
m4) implemented as current-to-voltage converting 
means; first and second current sources 4, 5; and sec- 
ortd switch 7. The switch 1 is a cascade connection of a 
transistor m3 receiving a constant voltage Vbl at its 
gate and a switching transistor m2 receiving a control 
signal SW at its gate. TTie gate of the transistor m4 is 
diode-oonnected to the drain thereof. The first arvj sec- 
ond current sources 4 and 5 are implemented as current 
source transistors m6 and m7 receiving a constant bias 
voltage at their gate. The second switch 7 is imple- 
mented as a transistor mS receiving the control signal 
SW at its gate. 

[0041] The source of the PMOS transistor m6 is 
connected to a higher-level power supply VDD. while 
the drain thereof is connected to the drain and gate of 
the diode-oonneded NMOS transistor m4. The source 
of the PMOS transistor m7 is also connected to the 
higher-level power supply VDD. while the drain thereof 
is connected to the gate and drain of the NMOS transis- 
tor m4 via the NMOS transistor m5. The source of the 
NMOS transistor nrrl is connected to a lower-level 
power supply VSS. the gate thereof is connected to the 
gate and drain of the NMOS transistor nn4 and the drain 
thereof is connected to the source of the switching 
NMOS transistor m2. The drain of the NMOS transistor 
m2 is connected to the source of the NMOS transistor 
m3. A laser driving output current is supplied through 
the drain of the NMOS transistor ni3. 
[0042] In the illustrated ernbodiment tfie current 
values of the first and second current sources 4 and 5 
wiH be identified t>y Mo and (1-k)lo (where O^k^l) and 
the nrinror ratio of a current mirror circuit made up of the 
NMOS transistors m4 arxJ ml will t>e represented as 
1:A. 

[0043] Hereinafter, it will be described how this 
laser driver operates. 

[0044] Rrst while the control signal SW is at "Low" 
level, the switching NMOS transistor m2 is OFF and the 
laser driver enters the output-disabled state. In thus 
case, the transistor m5 is also OFF. Thus, only the out- 
put current Ido of the first cun^ent source 4 (i-e.. the 
PMOS transistor m6) is supplied to the NMOS transistor 
m4, which in turn converts the current supplied into a 
voltage. As a result, the gate of the output-current-gen- 
erating NMOS transistor ml is biased with the voltage. 
[0045] Next, when the control signal SW rises to 
"High" level, the switching NMOS transistor m2 turns 
ON and the laser driver enters the output-enabled state. 
As a result, the laser driving output current rises steeply. 
This is because the gate of the NMOS transistor ml Is 
always biased even in the output-disabled state. In this 



situation, the NMOS transistor m5 also turns ON and 
the output cunrent (t-k)lo of the second current source 
5 is also supplied to the transistor m4. Accordingly, the 
total amount of current supplied to the drain of the 

5 NMOS transistor m4 gets equal to lo. As a result the 
gate voltage of the NMOS transistor ml steeply 
increases arxl the transistor ml can rapidly transition 
from a linear to saturated regbn. 
[9046] In this manner, the laser driving output cur- 

10 rent Alo shows an ideal output waveform without ariy 
overshoot although the waveform has steeply rising 
edges. 

[0O47] In addition, since the current (1-k)lo of the 
second current source 5 is not sifaplied in the output- 
75 disabled state, the power dissipation can be reduced. 

EMBODIMENTS 

[0048] Figure 6 illustrates a configuration of a laser 

20 driver according to a third emkxxiiment of the present 
invention. As shown in Figure 6. the laser driver 
includes: current-output-controlling switch 1 ; output-cur- 
rent-generating transistor 2 (or ml); transistor 3 (or m4) 
implemented as cunrent-to-voltage converting means; 

25 current source 8; and current shunt circuit 9. The switch 
1 is a cascade connection of a transistor m3 receiving a 
constant voltage Vbl at its gate and a switching transis- 
tor m2 receiving a control signal SW at its gate. The 
gate of the transistor m4 is diode-connected to the drain 

30 thereof. The current source 8 is implemented as a tran- 
sistor m7 receiving a constant bias voltage at its gate. 
The current shunt circuit 9 includes first and second 
transistors m6 and m5, the sources of which are con- 
nected together 

35 [0049] The source of the current source transistor 
m7 is connected to a higher-level power supply VDD. 
while the drain thereof is connected to the input terminal 
of the current shunt drcu'rt 9, which is the commonly 
connected source of the PMOS transistors m5 and m6. 

40 The drain of the PMOS transistor m6. vtrtich is the first 
output terminal of the current sfiunt circuit 9, is con- 
nected to a lower-level power supply VSS. The drain of 
the PMOS transistor mS. which is the second output ter- 
minal of the current shunt circuit 9. is connected to the 

45 gate and drain of the NMOS transistor nn4. The source 
of the NMOS transistor m4 is connected to the lower- 
level po¥ver supply VSS. The source of the f^OS tran- 
sistor ml is also connected to the lower-level power 
supply VSS, the gate thereof is connected to the gate 

so and drain of the NMOS transistor m4 and the drain 
thereof is connected to the source of the switching 
NMOS transistor m2. The drain of the NMOS transistor 
m2 is connected to the source of the NMOS transistor 
m3. A laser driving output cunrent is supplied through 

55 the drain of the NMOS transistor m3. 

[0050] In the illustrated embodiment, the current 
value of the current source 8 will be identified t^y lo and 
the mirror ratio of a current mirror circuit made up of the 
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NMOS transistors m4 and ml will be represented as 
1 A TTie control signal SW is also provided to the gate 
of the PMOS transistor m6. A predetermined bias volt- 
age Vb2 is applied to the gate of the PMOS transistor 
m5 such that the drain currents of the transistors m5 
and m6 are klo and (1-k)to (where 0^k^1) when the 
control signal SW is at "Low" level and that the transistor 
me is cut off and the drain current of the transistor m5 is 
lo when the control signal SW is at "High" level. 
[0051 J Hereinafter, it will be described how this 
laser driver operates. 

[0052] Rrst. while the control signal SW is at "Low" 
level, the switching NMOS transistor m2 is OFF and the 
laser driver enters the output-disabled state. In this 
case, the cun^ent Ido flows through the transistor m5 
and is supplied to the NMOS transistor nn4. which in 
turn converts the cwrent supplied into a voHage. As a 
result the gate of the output-current-generating NMOS 
transistor mi is l^iased with the voltage. 
[0053] Next, when the control signal SW rises to 
"High" level, the switching NMOS transistor m2 turns 
ON and the laser driver enters the output-enabled state. 
As a result the laser driving output cunrent rises steeply. 
This Is because the gate of the NMOS transistor ml is 
always biased even in the output-disabled state. In this 
situation, the PMOS transbtor m6 is cut off and all the 
output current lo of the cun-ent source 8 is supplied to 
the drain of the fslMOS transistor m4. That is to say. the 
total amount of current supplied to the drain of the 
NMOS transistor m4 gets equal to lo. As a result, the 
gate voltage of the NMOS transistor ml steeply 
increases and the transistor ml can rapidly transition 
from a linear to saturated region. 
[0054] In this manner, the laser driving output cur- 
rent Alo shows an ideal waveform without any over- 
shoot although the waveform has steeply rising edges. 

EMBODIMENT 4 

[0055] Figure 7 Slustrates a configuration of a laser 
driver according to a fourth emtxxJtment of the present 
invention. As shown in Rgure 7, the laser driver 
includes: current-output-controlling switch 1; output- 
cun^ent^enerating transistor 2 (or mi); transistor 3 (or 
m4) implemented as current-to-vottage converting a 
means; and first and second current sources 10, 11. 
The switch 1 is a cascade connection of a transistor m3 
receiving a constant voltage Vbl at its gate and a 
switching transistor m2 receiving a control signal SW at 
its gate. The gate of the transistor m4 is diode-con- £ 
nected to the drain thereof. The first current source 1 0 is 
irnplemented as a transistor m6 receiving a constant 
bias voltage at its gate. The second current source 11 
includes a current source transistor m8 and a control 
transistor m9 for turning ON/OFF the transistor m8. 51 
[0056] The source of the PMOS transistor ni6 is 
connected to a higher-level power supply VDD. while 
the drain thereof is connected to the drain and gate of 



the diode-connected NMOS transistor m4. The source 
of the PMOS transistor m8 is also connected to the 
higher-level power supply VDD. while the drain thereof 
is connected to the gate and drain of the NMOS transis- 
5 tor m4. The source of the NMOS transistor m4 is con- 
nected to a lower-level power siqaply VSS. The control 
signal SW is provided to the gate of the control transis- 
tor m9. The source of the transistor m9 is also con- 
nected to the higher-level power supply VDD. while the 
10 drain thereof is connected to the gate of the current 
source transistor m8L The source of the NMOS transis- 
tor ml is connected to the lower-level power supply 
VSS, the gate thereof is connected to the gate and drain 
of the NMOS transistor m4 and the drain thereof is con- 
15 nected to the source of the switching r^^OS transistor 
m2. The drain of the NMOS transistor m2 is connected 
to the source of the NMOS transistor m3. A laser driving 
output cun^ent is supplied through the drain of the 
NMOS transistor mS. 

20 £0057] in the illustrated embodiment, the current 
values of the first and second current sources 1 0 and 11 
vwll be identified by. klo and (1-k)lo (where Osksi) and 
the mirror ratio of a current mirror circuit made up of the 
NMOS transistors m4 and ml will be represented as 
25 1:A. 

[00581 Hereinafter, it will be described how this 
laser driver operates. 

[0059] First, while the control signal SW is at "Low" 
level, the switching NMOS transistor m2 is OFF and the 
30 laser driver enters the oulput-disaWed state. In this 
case, the current source transistor mS is cut off by the 
control transistor m9. Thus, only the output cun-ent Ido 
of the PMOS transistor m6 is supplied to the diode-con- 
nected NMOS transistor m4, which in turn converts the 
35 current supplied into a voltage. As a resuft. the gate of 
the output-cunrent-generating NMOS transistor ml is 
biased with the voltage. 

[0060] Next, when the control signal SW rises to 
"High" level, the switohing NMOS transistor m2 turns 
w ON and the laser driver enters the output-enabled state. 
As a result the laser driving output current rises steeply. 
This is because the gate of the NMOS transistor ml is 
always biased even in the output-disabled state. In this 
situation, the control transistor m9 turns OFF. the cur- 
^ rent source transistor m8 turns ON and the output cur- 
rent (1-k)lo is also supplied to the NMOS transistor m4. 
Accorcfingly. the total amount of current supplied to the 
drain of the NMOS transistor m4 gets equal to lo. As a 
result the gate voltage of the NMOS transistor ml 
0 steeply increases and the transistor ml can rapidly 
transition from a linear to saturated region. 
[0061] In this manner, the laser cHving output cur- 
rent Alo shows an ideal output waveform without any 
overshoot although the waveform has steeply rising 
? edges. 

[0062] In addition, since the output current (1-k)lo 
of the second cun-ent source is not supplied in the out- 
put-disabled state, the power dissipation can be 
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reduced. 

EMBODIMENT 5 

[0063] In the foregoing first through fourth embodi- 
ments, the current ratio k of the first ancf second current 
sources depends on the transistor sizes of the current 
sources and therefore is f ixed at a chip design phase. 
The eye pattern of the optical output power, however, is 
greatly dependent on parasitic elements of a carrier 
board or package and on the current vstf ue lo. Thus, an 
optimum cun^ent ratio k cannot be defined at a unique 
value. The following fifth embodiment of the present 
inventton Is adapted to solve this problem. 
[0064] Figure 8 illustrates a configuration of a laser 
driver according to the fifth entxxliment of the present 
invention. As shown in Rgure 8, the laser driver 
includes: current-output-oontroHing swvitch 1; output- 
current-generating transistor 2 (or ml); transistor 3 (or 
m4) implemented as cun-ent-to-voltage converting 
means; current source 10; current ratio regulator 7; and 
current path selector 6. The switch 1 is a cascade con- 
nection of a transistor m3 receiving a constant vottage 
Vbl at its gate and a switching transistor m2 receiving a 
control signal SW at its gate. The gate of the transistor 
m4 is diode-connected to the drain thereof. The current 
source 1 0 is implemented as a transistor m7 receiving a 
constant bias voltage at its gate. The cun-ent ratio regu- 
lator 7 includes first and second transistors mIO and 
mil , the sources of which are connected together. The 
current path selector 6 also includes a pair of transistors 
m6 and mS. the sources of which are connected 
together, too. 

[0065] The source of the current source transistor 
m7 is connected to a higher-level power supply VDD. 
while the drain thereof is connected to the input terminal 
of the current ratio regulator 7. which is the commonly 
connected source of the PMOS transistors mIO and 
mil. The drain of the PMOS transistor mIO, which is 
the first output terminal of the current ratio regulator 7. 
is connected to the input terminal of the current path 
selector 6. which is the commonly connected source of 
the PMOS transistors m6 and m5. The drain of the 
PMOS transistor ml 1 . which is the second output termi- 
nal of the current ratio regulator 7. is connected to the 
gate and drain of the NMOS transistor m4. The drain of 
the PMOS transistor m6. vAnch is the first output termi- 
nal of the current path selector 6, is connected to a 
lower-level power supply VSS. The drain of the PMOS 
transistor mS, which is the second output terminal of the 
current path selector 6. is connected to the gate and 
drain of the NMOS transistor m4. The source of the 
NMOS transistor nn4 is connected to the lower-level 
power supply VSS. The source of the NMOS transistor 
ml is connected to the lower-level power supply VSS. 
the gate thereof is connected to the gate and drain of 
the NMOS transistor m4 and the drain thereof is con- 
nected to the source of the switching NMOS transistor 



m2. The drain of the NMOS transistor ni2 is connected 
to the source of the NMOS transistor Jn3. A laser driving 
output current is supplied through the drain of the 
NMOS transistor m3. 

5 [0066] In the illustrated embodiment, the cun-ent 
value of the current source 10 will be identified by lo and 
the mirror ratio of a cunrent mirror circuit made up of the 
NMOS transistors m4 and ml will be represented as 
1 :A. Voltages Vb3 and Vb4 are applied to the gates of 

10 the PMOS transistors ml 0 and ml 1 , respectively 

[00671 Hereinafter, it will be described how this 
laser driver operates. 

[0068] The cunrent k> is supplied from the cun-ent 
source 10 to the input terminal of the cun-ent ratio regu- 

15 lator 7 and then branched into two cun^ents with respec- 
tive values of klo and (1-k)lo. The shunt ratio k is 
detemiined depending on the voltages Vb3 and Vb4 
applied to the gales of the PMOS transistors mIO arxJ 
m11, respectively Stated othenwse, the shunt ratio k 

20 can be adjusted to a desired value by regulating the 
voltages Vb3 and Vb4. 

[0069] First, whfle the control signal SW is at "Low" 
level, the switching NMOS transistor m2 is OFF and the 
laser driver enters the output-disabled state. In the cur- 

25 rent path selector 6. the transistor nn6 turns ON. but the 
transistor mS turns OFF Accordingly the current (1- 
k)lo. which flows through the transistor mlO of the cur- 
rent ratio regulator 7, passes through the transistor ni6. 
On the other hand, the current Wo. which flows through 

30 the transistor m11 of the cunent ratio regulator 7, is 
supplied to the NMOS transistor m4. The total amount 
of cun-ent supplied to the NMOS transistor m4 is equal 
to klo. Then, the NMOS transistor nr»4 converts the cur- 
rent supplied into a voltage. As a result, the gate of the 

35 output-current-generating NMOS transistor ml is 
biased with the voltage. 

[0070] Next, when the control signal SW rises to 
"High" level, the switehing NMOS transistor m2 turns 
ON and the laser driver enters the output-enabled state. 

40 As a result, the laser driving output current rises steeply 
This is because the gate of the NMOS transistor ml is 
always biased even in the output-disabled stata In this 
situation, the PMOS transistor ni6 is cut off and the cur- 
rent (1-k)lo. which flows through the transistor mIO of 

45 the current ratio regulator 7, is supplied to the transistor 
m5. Accordingly, the total amount of current stfsplied to 
the drain of the NMOS transistor m4 gets equal to lo. As 
a result, the gate voltage of the NMOS transistor ml 
steeply increases and the transistor ml can rapidly 

so transition from a linear to saturated region. 

[0071] As can be seen, by regulating tiie voltages 
Vb3 and Vl>4 applied to the gates of the PMOS transis- 
tors ml 0 and mil of tiie current ratio regulator 7. the 
current ratio k is easily controllable according to ttie fifth 

55 erhbodiment Therefore, the cun-ent ratio k can be con- 
trolled in such a manner as to optimize tiie eye pattern 
of the optical output power under any operating condi- 
tion, thus realizing a laser driver with broadened af^B- 
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cability. 

EMBODIMENTS 

[0072] Figure 9 illustrates a configuration of a laser 
driver according to a sixth embodiment of ttie present 
invention. As shown in Rgure 9, the laser driver 
includes: current-output-controlling swrltch 1; oulput- 
cun-ent-generating transistor 2 (or ml); transistor 3 (or 
m4) implemented as currerrt*to-vollage converting 
means; current source 10; cun-ent ratio regulator 7; cur- 
rent path selector 6; and first and second current ninor 
circuits 9 and 8. The switch 1 is a cascade connection of 
a transistor m3 receiving a constant voltage Vbl at its 
gate and a switching transistor m2 receiving a control 
signal SW at its gate. The gate of the transistor iM is 
diode-connected to the drain thereof. The cun-ent ratio 
regulator 7 includes first and second transistors mIO 
and m11, the sources of which are connected together. 
The current path selector 6 also includes a pair off tran- 
sistors mS and mS, the sources of which are connected 
together, too. The first cunent min-or circuit 9 is made up 
of a pair of transistors ml2 and m8. while the second 
current min-or circuit 8 is made up of another pair of 
transistors m9 arvj m7. 

[0073] The cun-ent source 10 is connected between 
a lower-4evel power supply VSS and the input terminal 
of the current ratio regulator 7. which is the commonly 
connected source of the NMOS transistors miO and 
mil. The drain of the IMMOS transistor miO. which is 
the first output terminal of the current ratio regulator 7. 
is connected to the drain and gate of the diode-con^ 
nected PMOS transistor ml2 in the first current ninor 
circuit 9. The drain of the NMOS transistor mil. which 
Is the second output terminal of the current ratio regula- i 
tor 7, is connected to the drain and gate of the diode- 
connected PMOS transistor m9 in the second current 
minror circuit 8. In the first cun-ent minor circuit 9, the 
source of the PMOS transistor mS is connected to a 
higher-level power supply VDD. The drain of the transis- 4 
tor m8 is connected to the input temninal off the cun-ent 
path selector 6, which is the commonly connected 
source of the PI^S transistors mS and m6. And the 
gate of the transistor m8 Is connected to the drain and 
gate of the PMOS transistor ml 2. In the second current 4i 
min-or circuit 8, the source off the PMOS transistor m7 is 
connected to the higher-level power supply VDD. The 
drain of the transistor m7 Is connected to the drain and 
gate of the NMOS transistor m4. And the gate of the 
transistor m7 is connected to the drain and gate of the sc 
PMOS transistor iti9. The drain of the PMOS transistor 
m6, which is the first output terminal of the current path 
selector 6, is connected to a lower-level power supply 
VSS. The drain of the PMOS transistor m5. which is the 
second output tenninal of the cun^ent path selector 6, is ss 
connected to the drain and gate off the NMOS transistor 
nn4. The source of the NMOS transistor m4 is con- 
nected to the lower-level power supply VSS. The source 



of the NMOS transistor ml Is connected to the lower- 
level power si^y VSS. the gate thereof is connected 
to the gate and drain of the NMOS transistor m4 and the 
drain thereof is connected to the source of the switching 

5 NMOS transistor nn2. The drain of the NMOS transistor 
m2 is connected to the source off the NMOS transistor 
ma. A laser driving output cun-ent is supplied through 
the drain of the NMOS transistor m3. 
[0074] In the illustrated embodiment, the current 

10 value of the current source 10 will be identified by lo and 
the mirror ratio of a current mirror circuit made up of the 
NMOS transistors m4 and ml will be represented as 
1 : A. Voltages Vb3 and Vb4 are applied to the gates of 
the NMOS transistors miO and mil, respectively. 

IS [0075] Hereinafter, it will be described how this 
laser driver operates. 

[0076] The cunent lo Is stpplled from the cun-ent 
source 10 to the input temiinal of the current ratio regu- 
lator 7 and then branched into two cun-ents with respec- 

20 tive values of klo and (1-l^lo. The shunt ratio k is 
determined depending on the voltages Vb3 and Vb4 
applied to the gates of the NMOS transistors ml 0 and 
mil, respectively. Stated othenwise, the shunt ratio k 
can be adjusted to a desired value by regulating the 

25 voltages Vb3 and Vb4. In the first and second current 
mirror circuits the current Mo flows through the transis- 
tor m7 and the current (1-k)lo flows through the transis- 
tor m8. 

[0077] First while the control signal SW is at "Low" 
50 level, the mtching NMOS transistor m2 is OFF and the 
laser driver enters the output<lisabled state. In the cur- 
rent path selector 6. the transistor mS turns ON, but the 
transistor m5 turns OFF. Accordingly, the current (1- 
k)Io, which flows through the transistor m8 of the first 
^ current minor drcurt 9, passes through the transistor 
m6. On the other hand, the current Wo, which flows 
through the transistor m7 of the second current min-or 
circuit 8, is supplied to the NMOS transistor m4. The 
total amount off current supplied to the NMOS transistor 
0 m4 is equal to kto. Then, the NMOS transistor m4 con- 
verts the cun-ent sipplied into a voltage. As a result the 
gate off the output-current-generating NMOS transistor 
ml is txased with the voltage. 

POTB] Next, when the control signal SW rises to 
5 "High" level, the switching NMOS transistor m2 turns 
ON and the laser driver enters the output-enabled state. 
As a result the laser driving output current rises steeply. 
This is because the gate off the NMOS transistor ml is 
always biased even in the output-disabled state. In this 
' situation, the PMOS transistor m6 is cut off and the cur- 
rent (1 -k)lo. which flows through the transistor m8 of the 
first current mirror circuit 9. is suppHed to the transistor 
mS. Accordingly, the total amount of current supplied to 
the drain off the NMOS transistor m4 gets equal to lo. As 
a result the gate voltage of the NMOS transistor ml 
steeply Increases and the transistor ml can rapidly 
transition from a linear to saturated region. 
[0079] As can be seen, by regulating the voltages 
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Vb3 and Vb4 applied to the gates of the NMOS transis- 
tors ml 0 and mil of the current ratio regulator 7. the 
cun-enl ratio k is easily controllable according to the 
srx-th en*)odiment Therefore, the current ratio k can be 
cantrollal in such a manner as to optimize the eye pat- 
':arn of the optical output power under any operating 
condition, thus realizing a laser driver with broadened 
applicability. 

[0080] According to the sixth embodiment, the total 
nunter of components required Increases but the io 
number of cascaded transistors decreases compared to 
the fifth embodiment. Thus, the laser driver of the sixth 
entxxiiiment is operat)le stably even with a lower volt- 
age appOed. 

75 

EMBODIMENT 7 

[0081] Figure 1 0 illustrates an exemplary configura- 
tion for an optical transceiver according to a seventh 
erridodlment of the present invention. The optical trans- 20 
ceiver 53 shown in Rgure 10 indudes: a transmitter 
section 51 for converting data to be transmitted into 
laser light by driving a laser diode LD and then transmit- 
ting the laser light: and a receiver section 52 for convert- 
ing the laser light received into received data. The 25 
transmitter section 51 includes the laser driver 50 
according any of the foregoing embodiments of the 
present invention and transmits the data by driving the 
laser diode LD using the laser driver 50. 
[0082] Whfle the present invention has been 30 
described in a preferred embodiment, itvwll be apparent 
to those skilled in the art tiiat the disclosed invention 
may be mocfified in numerous ways and may assume 
many entxxliments other than that specifically set out 
and described above. Accordingly, it is intended by the ss 
appended claims to cover all modiTications of the inven- 
tion which fall witiiin the true spirit and scope of the 
invention. 

aalms ^ 

1. A laser driver comprising: 

an output node for outputting a driving current 
there-through; ^ 
a first power supply rxxie receiving a first sup- 
ply voltage; 

a first switch connected between the output 
node and the first power supply node; 
current generating means for generating a first so 
current with a first current value while the first 
switch is OFF and a second cun^ent with a sec- 
ond current value while the first switch is Ofsl. 
the second current value t>eing different from 
the first cunent value; ^ 
current-to-voltage converting means for con- 
verting the current supplied from the current 
generating means into a voltage corresponding 



to the current value thereof; and 
an output-current-gena-ating transistor, which 
is connected between the first switch and the 
first power supply node and receives the volt- 
age from the current-to-voltage converting 
means at the gate thereof. 

2. The laser driver off Claim 1, wherein the cunent 
generating means comprises: 

a first current source for supplying the first cur- 
rent to the current-to-voltage converting 
means; 

a second current source for generating a third 
current with a current value representing a dif- 
ference between the first and second cunrent 
values; and 

a cunrent path selector for supplying the third 
current from the second cunenl source to the 
current-to-voltage converting means only when 
the first switch is ON. 

3. The laser driver off Claim 2, wherein the cunrent 
path selector comprises: 

an input terrriinal receiving the third cun-ent 
from the second cun-ent source; 
a first output terminal connected to the first 
power supply node; 

a second output terminal connected to the cur- 
rent-to-voltage converting means; 
a first transistor, off which the source and drain 
are connected to the input ternttnal and the first 
output terminal, respectively, and which turns 
OFF when the first switch is ON and turns ON 
vifhen the first switch is OFF; and 
a second transistor, of which the source and 
drain are connected to the input terminal and 
the second output terminal, respectively, and 
which turns ON when the first awtch is ON and 
turns OFF when the first switch is OFF. 

4. The laser driver of Claim 2. wherein the current 
path selector comprises: 

an input terminal receiving the third cunent 

from the second current source; 

an output terminal connected to the current-to- 

voitage converting means; and 

a second switch, which is connected between 

the irput and output terminals, turns ON when 

the first switch is ON and turns OFF when the 

first switch is OFF. 

5. The laser driver off Claim 1. wherein the current 
generating means comprises: 

a current source for generating the second cur- 
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rent: and 

a current shunt circuit supplying the second 
cun*ent from the current source to the current- 
to-voHage converting means when the first 
switch is ON. the current shunt drcuit branch- s 
ing the second current into the first current and 
a third current and then supplying the first cur- 
rent to the cun-ent-to-vottage converting means 
when the first swdtch is OFF, the third cun-ent 
having a current value representing a differ- 10 
ence between the f rst and second cunrent val- 
ues. 

6. The laser driver of Claim 5, wherein the second cur- 
rent value is larger than the first current value. is 

7- The laser driver of Claim 5, wherein the cunrent 
shunt circuit comprises: 

an input terminal receiving the second cun-ent so 
from the curr^ source; 
a first output terminal connected to the first 
power supply node; 

a second output terminal connected to the cur- 
rent-to-voHage converting means; 2s 
a first transistor, of which the source and drain 
are connected to the input terminal and the first 
output terminal, respectively, and which turns 
OFF when the first switch is ON and makes the 
third current flow between the source and drain 30 
thereof when the first switch is OFF; and 
a secorKi transistor, of which the source and 
drain are connected to the input terminal and 
the secoTKl output terminal, respectively, and 
which makes the second current flow between 35 
the source and drain thereof when the first 
switch is ON and makes the first current ftow 
between the source and drain thereof when the 
first switch is OFF. 

40 

8. The laser driver of Qaim 1. wherein the current 
generating means corrprises: 



source of the gate-grounded transistor and the 
output-current-generating transistor. 

10. The laser driver of Claim 1. wherein the current-to- 
voltage converting means comprises a transistor, of 
which the gate and drain are connected together. 

11. The laser driver of Claim 1. wherein the current 
generating means comprises: 

a cunrent source for generating the second cur- 
rent; 

a current ratio regulator for branching the sec- 
ond current supplied from the current source 
into two currents with a desired current ratk> 
and supplying one of these two currents as the 
first current to the current-to-voHage converting 
means; and 

a current path selector for supplying the other 
one of the two currents that have been 
branched by the current ratio regulator to the 
current-to-voftage converting means only when 
the first switch is ON. 

12. The laser driver of Claim 11. wherein the cunrent 
ratio regulator comprises: 

an input terminal receiving the second cun-ent 
from the current source; 
a first output terminal connected to the cun-ent 
path selector; 

a second output terminal connected to the cur- 
rent-to-voltage converting means; 
a first transistor, of which the source and drain 
are connected to the input terminal and the first 
output terminal, respectively, and whk:h 
receives a first voltage at the gate thereof; and 
a second transistor, of which the source and 
drain are connected to the input terminal and 
the secorxJ output terminal, respectively, euid 
which recces a second voltage at the gate 
thereof. 



a first current source for supplying the first cur- 
rent to the current-to-vottage converting 45 
means; and 

a second current source for supplying a third 
cunrent with a current value representing a dif- 
ference between the first and second current 
values to the current-to-voltage converting so 
means only when the first switch is ON. 

The laser driver of Claim 1 , wlierein the first swvitch 
comprises: 

55 

a gate-grounded transistor receiving a constant 

voltage at the gate thereof; and 

a switching transistor connected between the 



la. The laser driver of Qaim 12. wherein the fiist or 
second voltage has its level regulated based on the 
current value of the second current 

14. The laser driver of Claim 1, wherein the cun-ent 
generating means comprises: 

a current source for generating the second cur- 
rent; 

a current ratio regulator for branching the sec- 
ond current supplied from the current source 
into two cun-ents with a desired cunrent ratio; 
a first current nrurror circuit receiving one off the 
two currents branched by the cunrent ratio reg- 
ulator as an input current; 
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a second current mirror droit receiving the 
other one of the two currents branched by the 
current ratio regulator as an input current and 
supplying an output current as the first current 
to the current-to-voltage converting means; 
and 

a current path selector for supplying the output 
current of the first ciorent min-or circuit to the 
current-to-voltage converting means only when 
the first switch is ON. 

15. The laser driver off Claim 14. wherein the current 
ratio regulator comprises: 

an input terminal receiving the secorxl current 
from the cunent source; 
a first output terminal connected to the first cur- 
rent rrarror circuit; 

a second output terminal connected to the sec- 
ond current mirror circuit; 
a first transistor, of which the source and drain 
Eu^e connected to the input ternrvnal and the first 
output terminal, respectively, and which 
receives the first voltage at the gate thereof: 
and 

a second transistor, of which the source and 
drain are connected to the input terminal and 
the second output terminal, respectively, and 
which receives the second voltage at the gate 
thereof. 

16. The laser driver of Claim 15, wherein the first or 
second voltage has its level regulated based on the 
current value of the second cun^ent. 

17. An optical transceiver for establishing optical com- 
munication, comprising: 
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source of the gate-grounded transistor and the 
first power supply node in series to the gate- 
grounded transistor; arxi 
an output-current-generating transistor, which 
is connected between the switahing transistor 
and the first power stpply node in series to the 
switching transistor, receives a first voltage at 
the gate thereof when the switching transistor 
is ON, and receives a second voltage at the 
gate thereof when the switching transistor is 
OFF. the second voltage being dif^ent from 
the first voltage. 



a transmitter section for converting data to be 
transmitted into laser light by driving a laser 40 
diode and then transmitting the laser light; and 
a receiver section for converting the laser light 
received into received data, 
wherein the transmitter section includes the 
laser driver as recited In Claim 1 and drives the 4S 
laser dode using the laser driver. 



ia A laser driver comprising: 



an output node for outputting a driving current so 
there-through; 

a first power supply rxxJe receiving a first sup- 
ply voltage; 

a gate-grounded transistor, which is connected 
between the output node and the first power 55 
supply node and receives a constant voltage at 
the gate thereof; 

a switching transistor connected between the 
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(54) Laser driver 



(57) A laser driver of a single drive type includes: 
current-output-controlling switch; output-current-gener- 
ating transistor; current-to-voltage converting transistor; 
first and second current sources; and cun-ent path se^ 
lector. The cun-ent path selector includes an Input ter- 
minal and first and second output teminals. Responsive 
to a control signal provided, the selector selectively out- 
puts current through one of these two output terminals. 
The output cun-ent of the second cun-ent source is sup- 
plied to the cun-ent path selector. The output cun-ent 



Fig. 1 



supplied from the current path selector through the sec- 
ond output tenninal thereof and the output current of the 
first current source are input to the cun-ent-to-voltage 
converting transistor. The output voltage of the cun-ent- 
to-voltage converting transistor Is applied between the 
gate and source of the output-current-generating tran- 
sistor Then, the current is output through the drain of 
the output-current-generating transistor and the cur- 
rent-output-controlling switch. As a result, the output 
cun-ent shows an ideal wave-form with steeply rising 
edges and without any overshoot. 
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